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CNR IMAA research activities for Agri sector
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> Development and optimization of algorithms and methods for soil and crop biophysical
m-l’ variables estimation using satellite hyperspectral data (SAP4PRISMA project - ASI)

EO Products Description Unit =2 pn_'oduct Notes
maturity level
/
CLAY Percentage of clay in the first 30 cm of soil % medium \
SILT Percentage of silt in the first 30 cm of soil % medium limited to mechanically
prepared bare ground
SAND Percentage of sand in the first 30 cm of soil % medium
N SoC Percentage of organic carbon in the first 30 cm of soil % low /
2L Description Unit S product Notes
Products maturity level
7 LAI Leaf Area Index - high A
Chlorophyll a and b Content of in leaves per unit 2 . limited to herbaceous
Cab of area mg cm high crops
Fraction of photosynthetically .
N e active radiation absorbed by vegetation cover high )
EO . . EO product
Products L R L maturity level 1O
/ YLD Crop production t ha' low \
Ag ricultural QN Content of nitrogen in the aboveground biomass % low imited to a cereal
com pOnents GN Nitrogen content in grain % low crop to be defined
Nres nitrate nitrogen (NO3-N-) in the soil at the end kg ha' ow j
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Feeld Wariphle n Min/% Mox/% Mon/% s () Skownoss

BO41  Clay TX  1B3T 4941 37.91 6B 08 —037
Sand T 2310 .43 I6.55 731 0.3 095
SO T 1.a7 167 69 044 035 (.6

+
Ordinary Remote Sensing
Kriging [Hyperspectral and Multispectral)

all bands

PLSR

4.46 5.18 0.33
OK

SEEY RIEG 2.29 1.69 1.76
RMSE 5.95 6.69 0.41
PLSR -
Partial least LMEMN L
square regr.  RIPQ 164  1.31 1.41 sl
LMEM RMSE 4.07 4 .90 0.15
mixed effect RIPQ 2.40 1.79 3.87

model

F. Castaldi, R. Casa, A. Castrignano, S.Pascucci, A. Palombo and S. Pignatti «Estimation of soil properties at the field scale from satellite data: a comparison between spatial and non-
spatial techniques» ESJ, Volume 65, Issue 6, pages 842-851, November 2014
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T (°C) estimated from TASI-600 data vs
actual soil organic content in the sample points

Error (SOC%)

Emissivity PLSR 0.27 5.85 1.18 0.99 ;:gé;:%?ga
MNF Cubist 0.42 5.15 1.34 1.13 » - 560.10.26.33

Emissivity PLSR 2 0.10 4.77 1.10 1.50 - - —Ty
MNF Cubist 0.15 4.61 1.14 1.55

Emissivity PLSR 2 0.24 0.31 1.18 1.51
MNF Cubist 0.53 0.26 1.46 1.96

Ordinary kriging map obtained from actual SOC data (a) compared with (b) the ordinary kriging map from predicted values
obtained by cubist calibration model using TASI-600 MNF data. The error map (c), expressed as difference between kriged
predicted SOC (%) and kriged measured SOC (%)

Pascucci et al., 2014. Estimation of soil organic carbon from airborne hyperspectral thermal infrared data: a
case study. European Journal of Soil Science WHEN SPACE MEETS AGRICULTURE | 14-15 November, Matera
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Casa, R., Castaldi, F., Pascucci, S., Pignatti, S., 2014. Chlorophyll estimation in field crops: an assessment of

handheld leaf meters and spectral reflectance measurements. Journal of Agricultural Science, 153, 876-890.
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network analysis
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- ERMES ERMES: A downstream service to support agro-production, planning and policy
S . FP7-SPACE-2013-1- CALL Contract N°: 606983

& http'//""""'ere‘fp?”?c?“ " * ERMES aims to create added-value information for the rice sector by integrating in crop models operational Copernicus core
1 % products, maps derived from SAR (Synthetic Aperture Radar) and optical Earth Observation data processing and in situ

observations.

« IMAA Activity: Soil/Biomass constant pattern map from SPOT and Landsat time-series: winter images for bare
soil properties estimation and summer images for crop biomass on rice fields

MAP LEGEND

Field 61 Example of a rice farm in
80.00 the Lomellina rice

60.00 agricultural district (Pavia)
40.00

0.00

; C1mmmm Soil quality < parcel average &l
Crop vigour < parcel average
2mmmm Soil quality < parcel average &
9 Crop vigour = parcel average
Soil quality < parcel average &
Crop vigour > parcel average
Soil quality = parcel average &
Crop vigour < parcel average
Soil quality = parcel average &
ad Crop vigour = parcel average
N/ Soil quality = parcel average &
A C6 m— Crop vigour > parcel average
c7 Soil quality > parcel average &
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Fra— Soil quality > parcel average &
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Soil quality > parcel average &
C w— Crop vigour > parcel average
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Comparison results
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http://www.copernicus.eu/
http://en.wikipedia.org/wiki/Synthetic_aperture_radar
http://en.wikipedia.org/wiki/Earth_observation
http://www.ermes-fp7space.eu/

MIPAT |\ pREINF | UAVs for site-specific weed management (SSWM)

politiche agricole
alimentari e forestali

] UAV data provide images with a very high spatial resolution (<5 cm)

) UAVs are less expensive and they have less logistic constraints as compared to
airborne platforms

) Wide commercial availability

) UAV systems offer the possibility of having more acquisitions during the crop growing
season, providing higher temporal resolution data than airborne or satellite data

J Acquisitions under cloudy weather

The use of UAV data can be a very powerful tool to assist weed management based on patch spraying

UAV data should be tested in operational situations of SSWM to ensure that their use leads to effective economic
and environmental benefits.

N Prescription Patch
|

To reduce herbicide amount
|

J 3
Economic Environmental
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mipaaf

Ministero delle
politiche agricole
alimentari e forestali

arrene | \Weed maps

Malva sylvestris
Cynodon dactylon
Artemisia vulgaris

Polygonum aviculare

support vector machine algorithm (SVM)

UAV image was employed to obtain a weed map of the fields using a supervised classification based on

Ground data

100

80

UAYV vs Ground surveys

Weed cover %

R-squared: 0.8187 P54
p-value: 4.136e-12
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mipat | erenve | Prescription maps

politiche agricole
alimentari e forestali

Considering the good agreement between UAV and ground data, we processed the estimated weed maps in order to obtain the
herbicide prescription maps, defining patches to be treated on a regular grid of 2 x 2 m.

H The dimension of the grid of the prescription maps was chosen according to the length of the independent sections of the boom
sprayetr.

7 e, <\ < AT A NSNS NSNS TS NN IS A
2 ’ z s & > ?

The prescription maps were uploaded onto a Trimble CFX-750 monitor on board a Massey Ferguson 4365 tractor, equipped with a
§ Field-1Q Crop Input Control System. The system controlled the opening and closing of twelve independent sections, each of 2 m
| width with 4 nozzles, of a 24 m boom sprayer

I

BEI] Leora

- Evchamron (Non Producive]

Teaspasenza

The herbicide treatment was carried using a herbicide at a rate of 2 I/ha with active ingredient mesotrione and nicosulfuron.
Herbicide spraying treatment was carried out only on the pixel of prescription map having weed coverage higher or equal than 10%.
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Ministero delle
politiche agricole

mipaf | oo | Uniform (U) vs Patch Spraying (PS)

Maize biomass (t/ha)

P High : 54.0z

Lowe : 15.5%
MAIZE BIOMASS (t/ha)

27.15 24.95 2.2

WEED BIOMASS (t/ha)
Uniform mean Patch spraying mean  Difference
M1 0.22 0.24 -0.02
M2 0.78 0.74 0.04

Patch spraying lead to an average
reduction in the use of herbicide
54% in M1
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MANY THANKS!

% nicola.pergola@imaa.cnr.it / stefano.pignatti@imaa.cnr.it

=y +39 0971 427268 / +39 06 49934023
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m https://it.linkedin.com/in/nicola-pergola-96259335
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